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It  has  been  concluded  that  there  are  no  new  advances  in  conventional 
direct  combustion  of  coal  and  that  current  technology  can  be  applied  now  and 
in  the  near-term.  Fluidized-bed  combustion  may  be  a prospect  for  direct 
combustion  by  1982.  Current-  to  near-term  coal  gasification  prospects  are 
the  Lurgi  and  Koppers-Totzek  low-Btu  processes  ap^d  the  Lurgi  high-Btu  process. 

A long-term  coal  gasification  prospect  is  the  C02-Acceptor  high-Btu  process. 

No  coal  liquefaction  processes  currently  appear  to  be  economically  feasible 
for  military-scale  applications.  Existing  natural  gas-  and  oil-fired  boilers 
can  be  changed  to  fire  low-Btu  coal -derived  gas  by  means  of  suitable  burner 
modification;  also,  high-Btu  gas  can  be  directly  substituted  for  natural  gas.^ 

1 2 

Capital  costs  for  direct  coal  combustion  technologies  (based  on  5 x 10 
Btu/yr  plant  input  capacity  using  bituminous  coal)  available  for  Aririy  use  are: 
stoker-firing,  $21 .00/kBtu-hr  ($19.91/MJ-hr)  and  pul veri zed-firing,  $26.00/ 
kBtu-hr  ($24.65/MJ-hr) . Operating  costs  of  available  direct  combustion 
technologies  are:  stoker-firing,  $5.25/MBtu-hr  ( $4. 98/ GJ-hr)  and  pulverized 
firing,  $6.35/kBtu-hr  ($6.02/GJ-hr) . No  economic  data  for  fluidized-bed 
combustion  systems  scaled  for  installation  use  are  available.  Capital  costs 
under  these  same  conditions  are:  Lurgi  low-Btu,  $8.10/kBtu-hr  ($7.68/MJ-hr) ; 
Koppers-Totzek  low-Btu,  $14.50/kBtu-hr  ($13.75/MJ-hr) ; and  Lurgi  high-Btu, 
$16.40/kBtu-hr  ($15.55/Mj-hr) . Operating  costs  for  the  Koppers-Totzek  process 
are  not  available.  All  costs  are  given  in  current  (FY77)  dollars;  the  econom- 
ics of  using  a given  technology  at  a specific  installation  may  vary  greatly 
depending  on  site-specific  factors. 

The  study  recommends  (1)  that  conversion  of  boilers  to  fire  coal  at 
Army  installations  use  proven  direct  combustion  processes  until  capital  and 
operating  cost  estimates  of  near-term  gasification  systems  are  confirmed 
through  demonstration  and  use;  (2)  that  detailed  technical /economic 
feasibility  studies  of  using  current  and  near-term  coal-use  technologies 
be  conducted  at  at  least  four  Army  installations,  and  (3)  that  demonstrations 
of  the  Lurgi  and  Koppers-Totzek  processes  at  nonindustrial  Army  installations 
be  pursued  with  the  Energy  Research  and  Development  Administration. 

Volume  II  provides  detailed  technical  and  economic  aspects  of  coal- 
use  technologies. 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  PAGErVh^n  Dmtm  Enffd) 


FOREWORD 
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APPLICATION  OF  MOOERN  COAL  TECHNOLOGIES 

TO  MILITARY  FACILITIES 

VOLUME  I:  SUMMARY  OF  FINOINGS 


1 INTRODUCTION 


Bdc  kqround 


Coal  was  once  widely  used  as  a primary  fuel  in  Army 
central  heatinq  and  power  plants.  For  environmental  reasons, 
in  the  1960's  many  plants  were  converted  to  cleaner  fossil 
fuels:  fuel  oil  and  natural  qas.  Now,  with  the  increasinq 

scarcity  and  risinq  costs  of  these  cleaner  fuels,  the  Army 
faces  the  task  of  reconvertinq  to  coal,  while  simultaneously 
complyinq  with  strinqent  environmental  limitations  which 
encouraged  the  trend  toward  coal  avoidance  15  years  ago. 

With  the  exceptions  of  Alaska  and  Europe,  Army-wide  ^ 
use  of  coal  is  limited  largely  to  i ndustr i a 1 - type  operations. 
Much  of  the  coal-burning  equipment  used  previously  at  central 
heating  and  power  plants  is  either  no  longer  operable, 
technically  outdated,  or  no  longer  in  existence.  Many 
existing  boilers  firing  fuel  oil  and/or  natural  gas  may 
require  substantial  modification  to  burn  coal  or  coal-derived 
fuel  . 


To  find  economical,  efficient,  and  environmentally  sound 
solutions  to  increasing  the  use  of  coal,  ♦'he  Army  is  investi- 
gating advances  made  in  the  commercial  sector  on  new  coal 
utilization  techniques.  Of  particular  interest  are  gasification 
and  1 i quef i cat i on  techniques,  which  offer  the  potential  for 
easy  conversion  of  boilers  from  gas  and  oil  to  coal,  and 
improved  combustion  techniques  such  as  f 1 uidi zed-bed  combus- 
tion. 


To  date,  most  of  the  research  and  development  in  coal 
utilization  has  been  in  large  utility -scale  operations.^ 

The  Army  would  like  to  determine  if  any  of  these  new  develop- 
ments offer  technical  and/or  economic  potential  for  future 


Annu<j[  Su'nnavu  of  Opovotions  - Fis^oal  Yeov  (Department 

of  the  Army,  1976). 

E>ie]'(7U  Pvopvo'^.  Krrot’f,  ERDA  76-10  (LI.S.  Energy 
Research  and  Development  Administration,  1975-1976). 

pp  1-8. 
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mi  I i t fv  - sea  1 »'  application.  7ho  At-my's  noods  Jiffor  from 
commorcial  noods  in  that  an  Army  installation  supports  a 
rolatively  small  population,  rather  than  the  laroe  one  of 
I an  urban  area,  so  that  furnaces  of  only  modest  capacity  are 

I ret.iuired.  Hence,  coal -use  technolooios  for  military  appli- 

I cations  must  he  economically  beneficial  when  operated  on 

‘ correspondingly  modest  scales.  Moreover,  the  Army  may  be 

limited  in  the  lack  of  gualified  staff  reouired  to  operate 
facilities  using  a d v a n c e d c o a 1 t e c n o 1 o g i e s . Pi  f f e r e n c «' s 
between  military  and  commercial  load  profiles  could  reguii'e 
that  military  eguipment  have  exceptional  abilitv  to  operate 
at  a lesser  capacity.  Operations  and  maintenance  (OSMl 
of  some  advanced  or  "exotic"  eguipment  may  sti'ain  military 
O.^M  budgets,  unless  support  such  as  a demonstration  grant 
is  provided. 


Object  i ve 

The  objectives  of  this  study  w e i' e ( 1 1 to  assess  t h e 
possible  use  of  a d v a n c e d coal  u t i 1 i ; a t i o n t e c ti  n o 1 o g i e s at 
major  Army  installations.  (.'1  to  evaluate  the  economics  and 
OSM  impacts  of  using  the  technologies,  and  ( .' ) to  provide 
guidance  to  Facilities  tngineering  Pirectorate  (Office  of 
the  I'hief  of  Engineers)  personnel  on  the  application  and 
costs  of  these  technologies  at  A r my  bases. 


Approa c h 

This  study  used  the  following  a'n'roach: 

1.  Infoi-mation  on  energy  reguirements  at  Army  instal- 
lations with  large  gas/oil  usage  and  large  utility  plants, 
was  obtained  for  use  in  evaluaMng  various  coal -use  tech- 
nologies. 

0.  Information  on  the  following  existing  and  emerging 
c 0 a 1 - u s e technologies  was  o b t a i n e d a n d e v a 1 u a t e d ; ( a ) f 1 u e 

gas  cleaning,  (b)  coal  pre t rea t men t , (c)  improved  coal 
combustion  methods,  (d)  coal  gasification  (low.  medium  and 
high  Ptu).  (e)  coal  1 i gue f ac t i on . 

. The  c 0 a 1 - u s e t e c h n o 1 g i e s s t u d i e d w e r e e v a 1 u a t e d 
against  typical  facility  energy  reguirements;  in  addition, 
the  technical  performance  potential,  impact  on  existing 
facilities,  environmental  problems,  impact  on  manpower 
reguirements.  impact  on  logistics,  and  construction  and 
operating  costs  were  determined. 
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Out  1 i n e of  Report 

Chapter  2 discusses  Army  energy  requirements  at  fixed 
facilities  and  technical  and  economic  evaluation  of  coal 
use  technologies  appropriate  to  these  needs.  Chapter  3 
presents  conclusions  on  meeting  Army  energy  needs  with  coal. 


Mode  of  Technol oqy  Transfer 

The  results  of  this  work  will  be  incorporated  into  a 
new  Engineer  Technical  Bulletin  providing  technical  data 
and  procedures  necessary  for  pteparing  a pro.iect  description, 
justification,  and  PD  Form  1391  for  application  of  advanced 
coal  technology  to  Army  installations. 
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Installation  Energy  Requirements 

To  determine  whether  application  of  coal-use  technologies 
to  military  fixed  facilities  would  be  econo.:  i ca  1 , the  energy 
requirements  of  the  10  most  energy -consumptive  Army  instal- 
lations were  examined  (see  Table  1).  Ranking  was  by  thermal- 
to-el ec tr i ca 1 demand  ratio.  Currently,  the  electrical  demands 
are  met  by  purchasing  electrical  energy  from  a commercial 
utility  company,  and  thermal  demands  are  met  by  boiler 
plants  on  post.  A large  thermal  demand  is  evident  at  each 
post  in  Table  1,  thus  emphasizing  the  need  for  a fuel  with 
reasonable  cost  and  steady  supply.  Table  1 estimates  the 
annual  coal  tonnages  necessary  to  meet  these  thermal  demands 
by  using  the  standard  conversion  of  12,500  Btu/lb  (29.07  MJ'kq) 
of  coal.  As  shown  in  Table  1,  the  10  largest  Army  energy 
users  all  use  more  than  50,000  tons/yr  (45  000  t/yr)  of 
coal;  however  most  installations  would  use  less  than  100,000 
tons/yr  (90  000  t/yr).  If  coal  use  were  combined  with  total 
or  selective  energy  plants,  coal  use  might  increase  bv 

12.000  to  36,000  tons/yr  (10  800  to  32  400  t/yr). 

Table  2 presents  the  same  categories  of  FY75  information  ^ 
as  shown  in  Table  1 for  posts  that  will  be  using  coal  in  FY78. 
These  installations  are  mostly  industrial,  in  contrast  to 
most  of  those  in  Table  1;  i.e.,  other  than  Holston  and 
Radford  Army  Ammunition  Plants  (AAPs),  the  coal-using  posts 
for  FY78  are  not  among  the  large  energy-using  posts.  For 
the  posts  shown  in  Table  2,  the  coal  tonnage  equivalents  of 
the  FY75  annual  thermal  demand  are  more  than  150,000  tons 
(135  000  t)  for  the  two  larger  posts  and  between  9000  and 

31.000  tons  (8100  to  27  900  t)  for  the  rest.  This  reflects 
the  relatively  low  level  of  current  Army  coal  consumption 

in  comparison  to  other  fuels  and  is  to  be  contrasted  with  the 
data  in  Table  1,  where  even  the  lowest  coal  consumer  has  an 
equivalent  tonnage  of  60,000  tons  (54  000  t),  roughly  twice 
that  of  the  third  highest  coal  consumer  in  Table  2.  If  the 
posts  listed  in  Table  1 were  to  satisfy  all  their  thermal 
demands  by  burning  coal,  then  comparing  the  equivalent 
tonnages  of  Table  1 to  those  in  Table  2 suggests  that  coal- 
handling facilities  might  have  to  be  increased  three  to  five 
times  over  current  facilities  to  accommodate  the  greater  coal 
usage. 


^ Telecon  25  May  1977  between  Mr.  J.  Donalley  (OCE-FEU-M)  j 

andOr.  E.  Honig(CERL-EHK  j 
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Summary  of  Energy  Requirements  at  10  Army  Installations 


Summary  of  FY75  Energy  Requirements  for  FY78  Coal-'Jsing  Army  Installations 


Coal-Use  Technologies 


Coal-use  processes  now  being  developed  for  commercial 
application  are  discussed  briefly  in  this  section;  Vol ume  1 1 
of  this  report  provides  a more  detailed  description. 

Process  and  operating  information  was  collected  for  25 
modern  coal-use  technologies  (see  Table  3).  The  technolgies 
were  categorized  according  to  the  general  nature  of  the 
coal-use  process:  low-Btu  gasification,  hiqh-Btu  gasification, 
liquefaction  based  on  pyrolysis  and  hydrocarbonization, 
liquefaction  based  on  hydrogenation,  and  direct  combustion. 

Of  the  25  processes  shown  in  Table  3,  five  are  in  commercial 
operation,  while  the  reminainq  20  are  in  various  stages  of 
development.  All  of  the  indirect  processes  evaluated  convert 
coal,  an  inherently  dirty  fuel,  into  a relatively  clean  fuel 
which  can  be  used  as  either  a supplement  to  or  a substitute 
for  oil  and  natural  gas  as  a boiler  fuel. 

LoiJ-Btu  Gasification 

During  gasification,  coal  is  reacted  with  steam  and 
oxygen.  Particulates  and  condensibles  from  the  reactor 
off-gas  are  removed  by  quenching,  and  sulfur  compounds  are 
removed  later  in  the  process.  The  crude  gas  has  an  as-fired 
heating  value  of  100  to  500  Btu/SCF*  (560  to  7800  J/sm^)  and 
consists  basically  of  CO,  CO^,  CH,,  and  H^O.  Crude 
low-  and  medium-Btu  gas'^can  be  converted  to  a'^hiqh-Btu^gas 
having  a heating  value  of  up  to  950  Btu/SCF  ( 5335.,J/sm‘^) , 
compared  to  approximately  1000  Btu/SCF  (5615  J/sm"^)  for 
natural  gas.  Although  commercial  low-Btu  gasification  plants 
exist,  none  are  operational  in  the  United  States.  Most 
developmental  low-Btu  coal  gasification  efforts  in  the 
United  States  have  been  developed  to  produce  a fuel  gas  for 
high- temperature  combined  gas-steam  turbine  electric 
generators,  to  make  fuel  gas  for  captive  industrial  use, 
or  to  produce  a synthesis  gas  for  chemical  processing.  The 
major  commerci al  processes  for  low-  and  medium-Btu  gas 
production  that  are  currently  available  include  Lurgi, 

Winkler,  and  Koppers-Totzek 

Coal  is  converted  to  a low-Btu  gaseous  product  in  the 
Lurgi  gasifier  (Figure  1)  by  reaction  with  steam  and  air  at 
approximately  250  to  300  ( 1.723  x 10®  - 2.068  x 10®  N/m'^) 
psi.  The  gasifier  is  a movi ngbed-type  reactor  with  sized 


^Standard  cubic  feet 
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Table  3 

Modern  Coal -Use  Technologies: 
(Metric  Conversion  Factor:  1 


Processes  and  Status 
ton  = .9  metric  ton) 


Low-Btu  Gasification 
Lurgi 

Koppers-Totzek 

Winkler 

Wei  Iman-Galustia 
Coiiibu  s t i on-  Eng  i neer  i ng 
West inghouse 


High-Btu  Gasification 
Lurgi 


C0^>  Acceptor 
tiVGAS 
BIGAS 
Synthane 
Hydra ne 

Agglomerating  Burner 
Kel logg 

Liquefaction  (Pyrolysis  and 
Coed 
Coal  con 

F i scher-Tropsch 

Liquefaction  (Hydrogenation) 
SRC 

H-Coal 

Exxon  Solvent  Donor 
Syntho i 1 
Co steam 

Direct  Combustion 
Pulverized  Coal 
Stoker-Fired  Coal 
Fluidized  Bed 


*Tons  per  hour 
^Tons  per  day 


Coiiinercial ly  used  since  1936 

Commercial  plants  in  existence 

16  plants  in  commercial  operation 

2 plants  in  commercial  operation 

5 TPH*  demonstration  unit  scheduled  for  1977 

0.6  TPH  demonstration  unit  under  construction 


Commercial  and  demonstration  plants 
scheduled  for  1978 
40  TPD^  pilot  plant  in  operation 
76  TPD  pilot  plant  in  operation 
120  TPD  pilot  plant  in  construction 
75  TPD  pilot  plant  in  operation 
26  TPD  demonstration  plant  in  design 
25  TPD  pilot  plant  in  operation 
Concept  design 

Hydrocarbonization) 

36  TPD  pilot  plant  in  operation 

2600  TPD  demonstration  plant  scheduled  for 

1980 

One  conttiiercial  ly  operating  plant 


2 pilot  plants  in  operation 

3 TPD  bench  plant  in  operation 
1 TPD  pilot  plant  in  operation 
10  TPD  pilot  plant  in  operation 

10  TPD  demonstration  plant  under  design 


Many  proven  utility  plants 

Many  proven  utility  and  industrial  plants 

Numerous  demonstration  plants  in  operation 
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Figure  1.  Lurgi  low-Btu  process. 


coal  entering  the  top  through  a distributor  and  a mixture 
of  steam  and  air  entering  the  bottom  through  a rotary-grate. 
The  coal  is  fed  through  a lock  hopper  system.  The  gasifier 
consists  of  a double-walled  pressure  vessel.  The  inner  wall 
forms  a water  jacket  to  protect  the  outer  pressure  wall  from 
the  high  reaction  temperature.  As  the  coal  charge  travels 
downward,  the  coal  is  dried,  devolatized,  and  gasified.  Ash 
is  removed  by  the  rotating  grate  through  a lock  hopper  system 
The  maximum  temperature  is  reached  in  the  combustion  or 
oxidation  zone,  where  the  highly  exothermic  oxidation 
reactions  provide  the  necessary  heat  and  temperature  for 
the  endothermic  reactions  and  vaporizations  which  occur  in 
the  upper  portions  of  the  reactor.  Ash  leaving  the  com- 
bustion zone  is  cooled  by  incoming  steam  and  air  before 
being  discharged.  The  crude  gas  is  washed  and  cooled  by 
low-pressure  stean-,  followed  by  air  and  water  quench  cooling. 
The  gas  is  then  purified  by  passing  it  through  the  hot 
carbonate  acid  gas  removal  unit. 

Although  this  process  has  been  used  commercially  since 
1936,  it  does  have  certain  operating  limitations.  Only 
noncaking  coals,  such  as  lignite  or  subbituminous  coals, 
can  be  used  directly.  Caking  coals  must  be  pretreated  before 
use.  The  size  of  the  coal  must  be  regulated  closely,  and 
all  fines  must  be  eliminated.  Several  gasifier  units  must 
be  operated  in  parallel  because  of  their  small  size.  The 
maximum  size  of  the  Lurgi  is  about  12  ft  (3.6  m)  in  diameter. 
Another  operational  problem  is  the  susceptibility  of  moving 
parts  to  mechanical  wear 

In  the  Koppers-Totzek  process  (Figure  2),  coal  is  p re- 
treated by  drying  and  then  pulverized  until  approximately 
70  percent  passes  through  200  mesh.  The  drying  medium, 
which  is  either  hot  flue  gas  or  Koppers-Totzek  gas  burned 
with  air,  is  circulated  through  the  mill.  The  resulting 
coal  dust  is  conveyed  continuously  by  fluidization  to  service 
bins  above  the  gasifier.  From  here,  the  coal  passes  to  a 
feed  bin  from  which  it  is  screw  fed  to  the  mixing  head. 

At  the  mixing  head,  a combination  of  steam  and  oxygen  entrain 
the  coal  particles  and  transport  the  dust  at  velocities 
greater  than  the  speed  of  flame  propagation.  Low-pressure 
steam  produced  in  the  gasifier  jacket  is  used  as  the  process 
steam  in  the  gasifier. 

Carbon  is  oxidized  by  the  steam  and  air  entering  the 
gasifier  to  produce  hydrogen.  The  high  termperature  of  this 
operation  causes  slagging  of  the  ash.  More  than  half  the 


s Kiy  flows  down  tho  Oiisifiof  walls  into  nut'iu'h  tanks.  The 
remaindtM'  of  the  ash  leaves  the  uasifiei'  as  a fine  fly  ash 
entrained  in  the  exit  qas.  Water  sprays  remove  the  heavy 
particles  and  cool  the  qas.  final  oas  cleaninq  is  accomplished 
hy  two  The  sen  d i s i n t eqra t o r s arranged  in  series.  After  com- 
pression, the  qas  is  scrubbed  with  amine  to  remove  hydrogen 
sulfide  for  sulfur  recovery. 

Figure  3 shows  the  Winkler  f 1 ui d i jed-bed  gasifier. 

C rustled  coal  (smaller  than  1 4 in.  (.  b mm])  is  dried  and  then 
fed  by  a screw  feeder  into  the  side  of  the  reactor.  Here  the 
coal  reacts  with  oxygen  and  steam  to  produce  an  off-gas 
rich  in  carbon  monoxide  and  hydrogen.  The  fluid  bed  operates 
at  to  (807  to  1000^\'),  depending  on  coal  type, 

at  approximately  atmospheric  pressure. 

because  of  the  high  temperatures,  all  tars  and  heavy 
hydrocarbons  are  reacted.  Approximately  70  percent  of  the 
ash  is  carried  over  by  gas,  and  30  percent  is  removed  from 
the  bottom  of  the  gasifier  by  the  ash  screw.  Unreacted  carbon 
carried  by  the  gas  is  converted  to  carbon  monoxide  hydrogen 
by  secondary  steam  and  oxygen  in  the  space  above  the  fluidized 
bed.  To  prevent  ash  particles  from  melting  and  forming 
deposits  in  the  exit  duct,  the  gas  is  cooled  by  the  radiant 
boiler  section  before  it  leaves  the  gasifier.  Kaw  gas 
leaving  the  gasifier  is  passed  through  an  additional  waste- 
heat  recovery  section.  fly  ash  is  removed  by  cyclones, 
followed  by  a wet  scrubber,  and  finally  an  electrostatic 
precipitator.  The  gas  is  then  compressed  and  purified. 

The  amount  of  oxygen  consumed  by  the  Winkler  process 
is  between  that  of  the  moving-bed  lurgi  and  the  entrained- 
bed  koppers -Totzek . The  Winkler  does  not  produce  the  tars, 
phenols,  and  light  oils  that  the  lurgi  does;  however,  it 
has  been  operated  commercially  only  at  atmospheric  pressure. 


The  final  product  of  high-lUu  gasification  processes  is 
composed  essentially  of  methane  (CH.)  and  can  be  transported 
in  natural  gas  pipelines.  No  mod i f Tea t i on s to  natural  gas 
combustion  equipment  are  necessary  to  use  synthetic  high-Ptu 
gas. 

To  produce  the  high-Ptu  gas,  coal  is  reacted  with  steam 
and  oxygen.  Particulates,  condensables,  and  sulfur  compounds 
are  eliminated.  The  carbon  dioxide  ratio  is  adjusted  to  3 to  1, 
and  the  carbon  monoxide  and  hydrogen  are  then  ca t a 1 y t i ca  1 1 y 
connected  to  methane. 
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Figure  3.  Winkler  low-Btu  process. 


The  Lurgi  process  is  the  only  hiqh-Btu  system  now 
commercially  available.  The  CO2  Acceptor,  Synthane,  and 
HYGAS  processes  are  the  closest^to  commercialization  of  the 
remaining  high-Btu  systems. 

Figure  4 shows  the  Lurgi  gasification  process  for  pro- 
ducing high-Btu  gas.  The  Lurgi  gasifier  is  classified  as  a 
high-pressure  (300  to  500  psig  [2.068  x 10®  - 3.477  x 10® 
N/m2]),  moving-bed,  nonslagging,  steam-oxygen  system  that 
produces  synthesis  gas  from  coal.  The  equipment  consists 
of  a double-walled  pressure  vessel,  in  which  the  walls  form 
a water  jacket  to  protect  the  outer  pressure  vessel  wall 
from  high  reaction  temperatures.  Sized  coal  enters  the  top 
through  a distributor  and  a mixture  of  steam  and  oxygen 
enters  the  bottom.  Ash  is  discharged  from  the  bottom  of 
the  reactor  through  a rotating  grate  into  a lock  hopper. 

Coal  moving  downward  from  the  top  of  the  reactor  is  dried, 
devolatized,  gasified,  and  oxidized  in  succession  as  the 
temperature  increases. 

Hot  crude  gas  leaving  the  gasifier  contains  primarily 
carbon  dioxide,  carbon  monoxide,  hydrogen,  and  methane.  To 
I achieve  the  oroper  ratio  of  carbon  monoxide  and  hydrogen  for 

’ methanation,  a portion  of  the  crude  gas  is  passed  through  a 

1 shift  conversion  unit.  The  converted  gas  and  the  bypass 

j are  then  cooled  to  remove  water  and  liquid  byproducts  before 

’ gas  purification.  In  gas  purification,  carbon  dioxide  and 

‘ gaseous  sulfur  compounds  are  removed  from  the  gas  by  the 

; Recti  sol  process.  The  purified  gas  is  then  methanated  to 

high-Btu  product  gas.  The  waste  gas  produced  by  Rectisol 
is  treated  by  a Stretford  unit  to  recover  the  byproduct 
hydrogen  sulfied  as  elemental  sulfur. 

The  water  and  liquid  byproducts  removed  from  the  crude 
gas  are  further  processed  to  recover  tar,  tar  oil,  crude 
phenol,  ammonia,  and  water  for  the  cooling  system  and  other 
in-plant  uses.  Fuel  requirements  for  the  plant  and  process 
steam  are  provided  by  an  air-blown  coa 1 -gas i f i cat i on  unit 
which  provides  a clean,  low -heating-value  gas.  An  advantage 
of  the  Lurgi  system  is  that  the  low-Btu  process  can  be 
readily  converted  to  the  high-Btu  process  by  addition  of 
proven  equipment  later  in  the  system. 

Liquefaction  Based  on  Pyrolysis  and  Hydroaarbonization 

The  basis  of  converting  coal  into  a liquified  fuel  for 
use  as  a utility  fuel,  synthetic  crude  oil,  and/or  petroleum 
feedstock  is  increasing  the  weight  ratio  of  hydrogen  to 
carbon.  During  pyrolysis,  coal  is  heated  in  the  absence  of 
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direct  contact  with  hydrogen.  Volatile  matter  and  naturally 
occurring  oils  are  driven  off , The  product  oil  is  hydro- 
treated to  remove  impurities  such  as  nitrogen,  sulfur,  and 
oxygen.  During  hydroca rbon i z a t i on , however,  heated  hydrogen- 
rich  gas  is  reacted  with  the  coal  to  drive  off  volatile 
gases.  The  char  is  reacted  with  steam  and  air  (or  oxygen) 
to  produce  the  reguired  hydrogen.  As  shown  in  Table  3,  one 
commercial  plant  using  the  Fischer-Tropsch  process  is 
operational;  this  plant  was  built  in  the  Union  of  South 
Africa  in  1967  and  converts  6600  tons/day  (5940  t/day) 
of  coal  to  synthetic  liquid  fuel. 

I.  i i on  on  Hi/di'OiTenotior. 

In  the  hydrogenation  process,  coal  is  directly  exposed 
to  hydrogen  at  elevated  temperature  and  pressure.  Catalytic 
hydrogenation  yields  a more  liquid  product  than  noncatalytic 
hydrogenation.  At  ambient  temperatures,  the  product  may  be 
either  solid  or  liquid.  The  most  advanced  liquefaction 
technology  in  the  United  States  is  the  Solvent  Refined 
Coal  (SRC)  process. 

1 The  SRC  process  converts  high-sulfur,  high-ash  coal 

j to  ashless,  low-sulfur  liquid  fuel  (Figure  5).  Pulverized 

coal  is  mixed  with  a coal-based  solvent  in  a slurry  tank, 
j Hydrogen,  produced  elsewhere  in  the  process,  is  combined  with 

I the  slurry.  The  mixture  is  then  pumped  through  a preheater 

. and  into  a dissolver,  where  approximately  90  percent  of  the 

dry,  ash-free  coal  is  dissolved.  Simultaneously,  the 
coal  is  depol ymeri zed  and  hydrogenated.  The  solvent  is 
hydrocracked , forming  lower  molecular  weight  hydrocarbons 
such  as  light  oil  and  methane.  The  sulfur  is  removed  as 
hydrogen  sulfide. 

After  leaving  the  dissolver,  the  gases  are  separated  from 
' the  slurry  of  undissolved  solids  and  coal  oil  solution.  The 

raw  gas  goes  to  a hydrogen  recovery  and  gas  desulfurization 
coal  feed  slurry.  Hydrocarbon  gases  are  released  and  the 
hydrogen  sulfide  is  converted  to  elemental  sulfur. 

Solids  filtered  from  the  slurry  which  contain  unreacted 
carbon  are  sent  to  a gasifier-converter  where  they  are  combined 
with  additional  coal,  oxygen,  and  steam,  and  thereby  con- 
verted to  hydrogen  for  use  in  the  process.  The  refined  coal 
is  separated  from  the  solvent  in  the  solvent  recovery  unit. 

This  refined  coal  has  a solidification  point  of  350  to  400°F 
(175  to  202OC). 
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Figure  5.  Solvent  refined  coal  process. 


Di  f,-i‘  t Co'’tbtiS  t i on 

Direct  combustion  systems  evaluated  in  this  study  were 
categorized  as  stoker-fired,  pulverized  (suspension -fired), 
and  f 1 u i d i zed- bed  coal-burning  systems.  The  principal  dis- 
tinction made  was  between  stoker-  and  suspension-firing 
systems.  Stoker-equipped  coal-burning  boilers  have  a long 
history  of  proven  industrial-scale  operation;  however, 
sus pen s i on- f i red  systems  are  generally  more  applicable  to 
large  utility  operations  which  can  afford  the  substantially 
larger  investment  for  additional  capital  equipment.  While 
both  stoker-  and  su spen s i on  - f i r i ng  coal  technolgies  are 
proven  and  commercially  available,  fl ui di zed-bed  combustion 
(FBC)  is  still  in  the  developmental  stage. 

The  FBC  concept  currently  be  i tig  developed  in  the  United 
States  and  Great  Britain  may  provide  higher  energy  conversion 
efficiency  than  conventional  coal-fired  systems  (up  to  40 
percent  as  opposed  to  33  to  37  percent).  Lower  sulfur 
dioxide  and  nitrogen  oxide  emissions,  even  when  burning 
high-sulfur  coals,  also  are  expected.  FBC  equipment  has 
the  potential  to  burn  many  types  and  grades  of  coal  as  well 
as  municipal  sludge  and  refuse,  oil  shale,  industrial  and 
agricultural  waste  materials,  and  other  low-grade  fuels. 

In  bench-scale  tests,  FBC  has  removed  more  than  90  percent 
of  the  sulfur  dioxide  pollutants  normally  expected  from  coal. 
This  may  eliminate  the  need  for  expensive  and  massive  sulfur 
dioxide  stack  gas  cleaning  or  coal  desulfurization.  Other 
advantages  of  FBC  include: 

1.  Low-quality,  high-sulfur  coal  can  be  burned  without 
danger  of  slagging,  because  of  low  combustion  temperatures. 

2.  The  heat  release  and  heat  transfer  coefficients  are 
high,  thus  reducing  required  boiler  size,  weight,  and  cost. 

3.  The  multi -cell  design  lends  itself  to  mass  production 
assembly  of  the  major  components,  thus  facilitating  shipping 
and  saving  plant  construction  time.  On-site  fabrication  of 
components  can  be  eliminated. 

4.  It  is  anticipated  that  use  of  the  flu idi zed-bed 
boiler,  rather  than  a conventional  coal-fired  boiler  requiring 
a flue  gas  cleanup  system,  will  result  in  an  overall  cost 
savings  for  the  boiler  of  up  to  35  percent. 
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5.  The  overall  operating  efficiency  of  the  multi-cell 
fl ui di zed-bed  boiler  power  plant  is  projected  to  be  39 
percent  as  compared  to  approximately  37  percent  for  a con- 
ventional coal-fired  plant  with  stack  gas  cleanup  equipment. 

In  a fluidized-bed  boiler,  small  particles  of  a limestone 
or  dolomite  sorbent  are  fluidized  by  hot  air.  This  fluidized 
bed  is  heated  to  approximately  160n“F  (8620C),  and  finely 
crushed  coal  is  fed  into  it.  The  feed  rate  is  such  that  the 
amount  of  combustible  material  in  the  bed  is  usually  less 
than  1 percent.  Turndown  is  accomplished  by  reducing  air 
and  coal  flow  into  the  bed.  The  sulfur  in  the  coal  which 
is  eliminated  as  sulfur  dioxide  is  captured  by  the  sorbent 
as  calcium  sulfate.  Powdered  dolomite  or  limestone  sorbent 
is  continuously  removed.  The  low  combustion  temperature 
minimizes  formation  of  nitrogen  oxides  and  prevents  ash 
agglomeration.  Calcium  sulfate  is  discharged  with  the  ash. 

Pressurized  fluidized-bed  systems  are  in  an  earlier 
stage  of  development  than  nonpressur i zed  systems  and  in  the 
future  may  provide  additional  economic  savings  and  increased 
thermal  efficiency.  The  furnace  size  can  be  reduced  because 
of  decreased  gas  volume,  and  additional  sulfur  dioxide  can 
be  removed,  reducing  the  need  for  sophisticated  pollution 
control  devices.  However,  the  units  appear  more  appropriate 
for  larger  installations'  (200  MW  or  greater)  power  plants. 

Table  4 lists  the  major  applications  of  commercial 
i ndus t r i a 1 - sea  1 e coal  combustion  equipment.  As  shown, 
suspens ion- f i r i ng  systems  are  applicable  only  at  the  upper 
limit  of  i ndu s t r i a 1 - sea  1 e steam-generation  requirements. 


Selection  of  Coal-Use  Technologies 

Applicable  coal-use  technologies  were  selected  from 
those  commercially  available  to  the  Army  (Table  3)  by 
evaluating  the  technical  factors  relevant  to  implementing 
a given  process  on  the  military -industrial  scale.  Volume 
II  provides  details  of  the  evaluation.  This  selection 
procedure  was  not  optimized  to  obtain  a single  process 
or  even  one  process  from  each  technology,  but  rather 
to  identify  within  the  technologies  those  processes  which 
appear  applicable  and  to  eliminate  unqualified  technologies 
or  processes.  Economic  factors  were  used  to  assist  in 
identifying  or  eliminating  coal-use  technologies  and  processes 
which  were  deemed  potentially  applicable  from  a technical 
standpoint. 


Applications  Industrial  Coal  Combustion  Equipment 
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Definition  of  Teahniaal  and  Koonomio  Critevia 

Specific  technical  criteria  considered  in  the  selection 
of  coal-use  technologies  were  process  design  factors,  capac- 
ity, coal  supply,  and  environmental  factors.  Table  5 provides 
a synopsis  of  the  technical  criteria,  and  Table  6 summarizes 
economic  criteria  used  to  evaluate  the  coal-use  technologies. 
Volume  II  provides  a more  detailed  discussion  of  both  the 
technical  and  economic  factors. 

Applioation  of  Teohnioal  and  F.aonomio  Criteria 

Tables  7,  8,  and  9 summarize  the  characteristics  which 
will  have  the  greatest  influence  on  mi  1 i ta ry-sca 1 e use  of 
the  four  most  advanced  commercial  low-Btu  coal  gasification 
processes.  On  the  basis  of  these  summary  tables,  the  Lurgi 
and  Koppers-Totzek  processes  appear  to  be  the  most  promising 
processes  for  near-term  Army  use. 

For  production  of  low-Btu  gas,  Koppers -To t zek -ba sed 
systems  have  sufficiently  high  temperatures  to  minimize  for- 
mation of  oils  and  tar,  and  do  not  require  high-pressure 
operation;  however,  the  need  for  an  oxygen  plant  to  supply 
the  gasifier  with  oxygen  is  a disadvantage.  The  Lurgi  System 
has  the  advantages  of  being  able  to  produce  low-Btu  gas  using 
either  air  or  oxygen  as  the  oxidizing  medium  and  of  having  a 
high  thermal  efficiency.  Its  prime  disadvantage  is  the  lower 
temperature  operation  which  causes  the  formation  of  oils, 
tars,  and  phenols  which  must  be  separated  from  the  raw  gas 
and  then  disposed  of.  The  Lurai  process  appears  to  have 
lower  capital  costs  than  the  Koppers-Totzek  process.  The 
Winkler  process  shows  potential  for  long-term  Army  use; 
however,  its  complex  fluidized-bed  process  and  potential 
problems  in  downscaling  to  meet  installation  energy  load 
levels  will  probably  prevent  its  near-term  use. 

While  several  low-Btu  and  medium-Btu  processes  are 
under  development,  the  bases  of  these  technologies  are 
combi ned  high- temperature  gas  and  steam-turbine  electric 
power  generation.  The  scale  of  these  units  is  not  com- 
patible with  foreseeable  Army  needs. 

All  high-Btu  processes  must  be  considered  developmental. 
Tables  10  and  11  summa r i ze  the  relevant  characteristics  of 
the  most  promising  and  most  advanced  of  these  systems.  The 
oxygen-fired  Lurgi  process  is  the  only  fixed-bed  system. 
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Table  5 

Technical  Criteria  for  evaluating  Modern  Coal-Use  Technologies 


actors  ^ al  Supply  factors 

Product/Use  Capability 
Product  Storage  and  Delivery 
Process  Complexity 
Process  Reliability 
Adaptability  to  Feedstock  Variation 
Conversion  Efficiency 
Process  Water  Requirements 
Ability  to  Convert  Waste  Products 


Ash  Disposal 
Other  Solid  Waste 
Air  Pollution 
Wastewater 

Environmental  Regulations 


Table  6 

Economic  Criteria  for  Evaluating  Modern  Coal-Use  Technologies 


I Capital  Costs 

Other  Initial  Costs 
Operating  Costs 
Labor  Requirement 
Byproduct  Value 


Transportation 


Capacity  Factors 


Base  Load 
Peak  Load 

Turndown  Flexibility 

Ability  to  Meet  Changing  Demand 


Geography/Location 
Coal  Rank  and  Properties 
Process  Requirements 
Long-Term  Availability 
Ash  and  Sulfur  Content 


Environmental  Factors 


Factors  Affecting  Applicability  of  Low-Btu  Gas  to  Army  Use 


Product,  By-Product,  and  Waste  Factors  of  Low-Btu  Gasification  Processes 
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1 

[ and  the  HYGAS  and  CO2  Acceptor  processes  do  not  require 

r oxyqen;  however,  the  latter  two  processes  suffer  the  disad- 

r vantage  of  extremely  complex  solids  transfer  in  a high- 

F temperature  environment.  Other  disadvantages  include  the 

j high  concentrations  of  methane  produced  in  the  gasifier  and 

! problems  of  scaledown  from  the  larger  commercial  sizes. 

^ Pilot  plant  sizes  do  produce  gas  in  quantities  required  by 

Army  facilities,  but  costs  may  be  prohibitive. 

[ All  hiqh-Btu  processess  require  steam  (the  source  of 

hydrogen),  carbon  dioxide  and  hydrogen  sulfide  removal, 
and  methanation.  For  military  uses,  production  of  high-Btu 
gas  may  require  excessively  sophisticated  equipment  compared 
to  other  available  options. 

Of  the  processes  shown  in  Tables  10  and  11,  the  Lurqi 
system  is  closest  to  commercialization  for  production  of 
hiqh-Btu  gas.  It  also  has  the  least  sophisticated  technology 
but  requires  (as  does  the  low-Btu  version)  fairly  extensive 
I waste  control.  Shift,  gas  cleanup,  and  methanation  all  are 

M necessary  processing  steps  for  upgrading  the  raw  gas  to  a 

I hiqh-Btu  product.  The  Synthane,  BIGAS,  HYGAS,  and  CO2 

! Acceptor  processes  are  considered  second-generation  tech- 

nologies. Oxyqen  is  required  by  the  Synthane  reaction. 

Hydrogen  must  be  supplied  separately  to  HYGAS,  although 
i sufficient  hydrogen  can  be  generated  in  the  CO2  Acceptor 

I reactor  to  avoid  this.  All  four  systems  require  methanation, 

i but  the  highest  concentration  of  methane,  and  therefore  the 

least  additional  methanation  reaction,  is  obtained  with 
HYGAS.  The  BIGAS  and  CO2  Acceptor  systems  are  the  "cleanest" 
of  the  processes . 

The  data  indicate  that  the  hiqh-Btu  gasification  pro- 
I cess  most  likely  to  be  compatible  for  Army  use  in  the  near 

future  is  the  Lurqi.  The  CO2  Acceptor  and  HYGAS,  which  are 
the  two  most  advanced  second-generation  processes,  may  be 
considered  but  with  reservations  because  of  the  complexity 
of  their  equipment. 

There  are  currently  no  commercial  coal  liquefaction 
processes  in  the  United  States.  All  such  processes  are  under 
development  and  will  not  become  commercial  in  the  near  future. 

These  systems  are  characterized  by  complex  unit  processes. 

New  technology  is  required  in  the  initial  breakdown  of  coal 


32 


Product  and  Process  Factors  Affecting  Applicability  of  High-Btu  Gas  to  Army  Use 

Typical  Raw  Gas 
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into  liquid  components.  Subsequent  processing  steps  resemble 
oil-refininq  operations  and  the  nature  of  the  processing 
equipment  and  the  technology  dictates  that  large-scale  fa- 
cilities will  be  necessary  to  economically  produce  liquid 
fuels  from  coal.  In  general,  a minimum  economic  capacity  is 
nominally  50,000  barrels  per  day  of  product  from  18,000  to 
25,000  TPD  (16  200  to  22  500  t)  of  coal.  This  far  exceeds 
the  consumption  of  any  individual  military  facility.  Even 
the  major  energy-consuming  bases  use  only  one-twenti eth  to 
one-fortieth  the  Btu  equivalent  of  this  amount  of  oil. 

None  of  the  coal  liquefaction  technologies  under  deve- 
lopment can  be  selected  for  further  study  because  of  the  large 
amount  of  production  required  for  their  economical  operation. 
Additional  factors  in  eliminating  these  processes  are  dis- 
posal of  the  multiple  byproducts  they  produce  and  the  com- 
plexity of  the  technology.  If  the  processes  were  scaled 
down  to  requisite  size,  the  operation  would  be  similar  to 
a small  petrochemicals  plant.  Except  for  the  capacity 
restriction.  Solvent  Refined  Coal  (SRC),  H-coal,  and  Coalcon 
processes  would  be  the  most  promising  liquefaction  processes. 

It  is  possible  that  future  developments  may  result  in  lique- 
faction processes  compatible  with  Army  facilities'  fuel 
capacity  needs.  At  this  time,  however,  no  such  processes 
have  been  identified. 

Every  commercial  direct  combustion  technology  evalu- 
ation could  conceivably  be  applied  at  military  installa- 
tions. Table  12  lists  the  advantages  and  disadvantages 
of  each  system.  The  only  advanced  developmental  technology 
for  direct  coal  combustion  is  the  f 1 uidi zed-bed  system. 

Evaluation  of  different  stoker  technologies  indicates 
that  each  could  be  applied  at  military  installations.  Each 
is  efficient  and  reliable,  adaptable  to  burning  most  types  of 
coals,  and  compatible  with  required  load  demands  and  variations. 
Environmental  problems,  stack  gas  emissions,  or  ash  disposal 
are  manageable. 

Pulverized  coal  combustion  could  also  be  effective  at 
military  installations.  Despite  the  fact  that  coal  pulveri- 
zation equipment  is  necessary,  energy  efficiency,  size  compa- 
tibility, and  turndown  capability  through  use  of  multiple  units 
may  make  pulverized  coal  systems  attractive  to  installations 
with  sufficiently  large  consistent  central  steam  loads  to 
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Summary  of  Factors  in  Direct  Coal  Combustion  Application 
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'tokers  and  steam  capacity  up  control  equipment 

100,000  Ib/hr  {28  400  kw).  necessary. 


justify  the  larger  capital  investment.  As  with  stokers, 
environmental  impact  should  be  minimal  if  there  is  proper 
preparation  and  control. 


Fluidized-bed  combustion  (FBC)  demonstration  plants 
currently  are  being  funded  by  the  Energy  Research  and 
Development  Administration  (ERDA).  This  technology  pro- 
mises to  be  an  effective,  efficient,  economical,  and  environ- 
mentally sound  method  of  burning  coal.  Variations  in  load 
demand  and  sizing  are  easily  met  with  this  method.  Another 
significant  advantage  is  elimination  of  the  necessity  for 
coal  desulfurization  and/or  sulfur  dioxide  stack  gas  cleaning. 
Whether  FBC  will  be  available  for  near-term  Army  use  depends 
on  the  performance  of  demonstration  plants. 

Table  13  shows  the  general  economy  of  each  of  the  coal- 
use  systems  found  to  have  technical  potential  for  install- 
ation use.  The  data  shown  are  accurate  only  in  general  terms 
and  are  highly  variable;  precise  data  can  be  obtained  only 
by  conducting  an  in-depth  study  of  the  technical  and  econon'c 
feasibility  of  using  a given  system  at  a specific  site. 

I Although  projected  capital  and  operating  costs  for  coal 

I gasification  systems  show  potential  when  applied  to  install- 

I ations  having  large  energy  loads,  more  specific  information 

on  costs  and  operational  problems  is  needed  to  confirm 
I present  estimates  and  to  permit  extrapolation  of  the  data 

to  smaller  systems. 
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Capital  and  Annual  Costs  of  Currently  and  Near-Term 
Available  Coal-Use  Technologies  for  Military  Installations 

(New  Plants  Only)* 


Costs 


$/kBtu-hr  Input 

$/M  Btu-hr  Input 

($/MJ-hr  Input) 

($/GJ-hr  Input) 

Process 

Capital 

Annual  (Operating) 

Lurgi  Low-Btu  Gasification** 

8.10 

2.20 

(7.68) 

(2.09) 

Koppers-Totzek  Low-Btu 

14.50 

Not  Available 

Gasification** 

(13.75) 

Lurgi  High-Btu  Gasification** 

16.40 

3.00 

(15.55) 

(2.84) 

Pulverized  Coal  Firing'*’ 

26.00 

6.35 

(24.65) 

(6.02) 

Stoker  Coal  Firing'*' 

21 .00 

5.25 

(19.91) 

(4.98) 

12 

*Cost  based  on  5 x 10  Btu/year  plant  capacity  using  bituminous  coal 
For  details,  see  Volume  II.  (8  x 10^^  Joule/year) 

**Costs  exclude  combustion  hardware  and  fuel  handling. 

■‘'Costs  for  new  combustion  equipment. 
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3 CONCLUSIONS 

Stoker-  and  pu 1 ver i zed - f i r i nq  of  coal  are  technologies 
that  can  be  applied  currently  and  in  the  near-term.  Fluidized- 
bed  combustion  may  become  a prospect  for  direct  combustion 
in  the  near  term  if  current  di vel opmenta 1 plants  show  successs- 
ful  operation. 


Capital  cost^  for  direct  coal  combustion  technologies 
(based  on  5 X Um*-  Btu/yr  [0  x 10*^  O/yr]  plant  input  capacity 
using  bituminous  coal)  available  for  Army  use  are;  stoker- 
firing,  $21.00/kBtu-hr  ($19.91/MJ-hr);  and  pulverized-firinq, 
$26. 00/kBtu-hr  ( $24 . 65/MJ-hr  ) . Annual  operating  costs  of 
direct  combustion  technologies  are;  stoker-firing,  $5.25/ 
MBtu-hr  ($4.98/Gvl-hr);  pulverized-firinq,  $6.35/MBtu-hr 
($6. 02/GJ-hr) . 

Current  and  near-term  Army-scale  coal  gasification 
prospects  are  the  Lurgi  and  Koppe r s -To t zek  low-Btu  processes 
and  the  lurgi  high-Btu  process.  existing  natural  gas-  and 
oil-fired  boilers  can  be  adapted  to  low-Btu  coal-derived 
gas  firing  by  burner  modification,  and  high-Btu  gas  may  be 
directly  substituted  for  natural  gas. 

Capital  costs  of  coal  gasification  techniques  (based 
on  5 X Ul^?  Btu/yr  input  using  bituminous  coal)  are; 
lurgi  low-Btu,  $8 . 1 0/ kBt u -h r ( $7 . 68/MJ-h r ) ; Koppers-Totzek 
1ow-Btu,  $ 14 . 50/kBtu-hr  ( $ 1 3 . 75/MJ - hr  ) ; Lurgi  high-Btu, 

$ 16 . 40/kBtu-hr  ( $ 1 5 . 55/MJ - hr ) . Estimated  annual  operating 
costs  under  the  same  conditions  are  Lurgi  low-Btu,  $2.20/ 
MBtu-hr  ( $2. 09/GJ-hr  ) ; and  Lurgi  high-Btu,  $3 . 00/MBtu-hr 
( $2 . 84/Gd- hr ) . Operating  costs  of  the  Koppers-Totzek  process 
are  not  available.  All  costs  are  current  (rY77)  dollars; 
the  cost  of  using  a given  technology  at  a specific  install- 
ation will  vary,  depending  on  s i te- spec i f i c factors. 

r 1 u i d i zed- bed  combustion  will  be  available  only  in  the 
long  term.  Long-term  coal  qasificatiin  prospects  appear 
to  rest  with  the  CO2- Acceptor  high-Btu  gasification  process. 

No  coal  liquefaction  processes  appear  to  be  economi- 
cally feasible  at  their  current  stage  of  development  for 
Army-.cale  applications. 

The  Winkler  f 1 u i d i zed- bed  , low-Btu  gasification  process 
will  not  be  available  for  installation  use  until  scaledown 
problems  have  been  identified  and  resolved. 

The  projected  capital  and  operating  cost  estimates  for 
coal  gasification  systems  show  potential  economic  benefit 


r 


when  applied  to  the  maximum  Army  size  range  (5  x 10^^  Btu/ 
yr  [8  X 10  ’/yr]).  More  specific  information  on  costs  and 
operational  problems  is  needed  to  confirm  the  present  esti- 
mates and  to  permit  confident  extrapolation  of  the  data  to 
smaller  systems. 
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l\  RECOMMENDATIONS 

The  following  recommendations  are  based  on  this  research: 

1.  Until  the  capital  and  operating  cost  estimates  for 
the  Lurgi  and  Koppers-Totzek  gasification  systems  are  con- 
firmed by  demonstration  and  actual  use,  conversion  of  boilers 
to  coal  at  Army  installations  should  use  a direct  combustion 
process . 

2.  Demonstrations  of  the  Lurgi  and  Koppers-Totzek 
processes  at  nonindustrial  Army  installations  should  be  ac- 
tively pursued  with  ERDA. 

3.  At  least  four  Army  installations  should  be  studied 
in  detail  to  determine  (1)  how  coal  gasification  can  be 
applied  to  the  total  installation;  (2)  the  costs  of  converting 
existing  equipment  and  distribution  systems;  (3)  coal  supply, 
delivery,  and  storage  considerations;  and  U)  necessary  O&M 
procedures  and  staffing. 
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